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(54) ELECTRON TUBE 

(57)Abstract: 

PURPOSE: To realize an electron beam radiation 
type diode having a structor in a thin dead zone 
which incidental electrons may not intrude into a p-n 
junction surface, so as to provide an electron tube 
having improved sensitivity and precision. 
CONSTITUTION: Photoelectrons generated by light 
inciden to a photoelectric surface 111 are accelerated 
to be incident on an electron beam radiation type 
diode 200. An inverse bias voltage is applied 
between an electrode 271 and an electrode 272 of 
the electron beam radiation type diode 200, and 
almost all the range of a low concentration impurity 
layer 220 is formed hollow. The incidental 
accelerated electrons emit motion energy at a high 
concentration layer 240 having an electron incidental surface and the hollow low 
concentration impurity layer 220 to generate electron-positive hole pairs. The high 
concentration layer 240 having the electron incidental surface is extremely thin, so almost 
no energy is emitted, but substantially all the energy is emitted in the hollow range. Signal 
load taken from the electron-positive hole pairs generated by this emission of energy is 
outputted as signals, from the electrodes 271, 272. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dama ges caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] It is the electron tube which enclosed the semi-conductor electron ray detector. Said semi- 
conductor electron ray detector The silicon substrate which has the 1st conductivity type, and the 1st 
high concentration impurity layer which has the 1st conductivity type formed in one front face of 
said silicon substrate, The low concentration impurity layer which has the 2nd conductivity type 
formed in the front face of another side of said silicon substrate, The isolation layer which has the 1st 
conductivity type formed in the field which surround said low concentration impurity layer field of 
the front face of said another side of said silicon substrate, The 2nd high concentration impurity layer 
' which has the 2nd conductivity type formed in the front face of said low concentration impurity 
layer, The silicon oxide formed in the field including near the periphery of the front face of said 
isolation layer, and the front face of said 2nd high concentration layer, the 1st electrode formed in 
the front face of said 1st high concentration impurity layer, and the 2nd electrode formed in the front 
face of said 2nd high concentration impurity layer - since - the electron tube characterized by being 
constituted and carrying out incidence of the electron from the front face of said 2nd high 
concentration impurity layer. 

[Claim 2] It is the electron tube which enclosed the semi-conductor electron ray detector. Said semi- 
conductor electron ray detector The silicon substrate which has the 1st conductivity type, and the 1st 
high concentration impurity layer which has the 1st conductivity type formed in one front face of 
said silicon substrate, The low concentration impurity layer which has the 2nd conductivity type 
formed in the front face of another side of said silicon substrate, The isolation layer which has the 1st 
conductivity type formed in the field which surround said low concentration impurity layer field of 
the front face of said another side of said silicon substrate, The 2nd high concentration impurity layer 
which has the 2nd conductivity type formed in the front face of said low concentration impurity 
layer, The silicon oxide formed in the field including near the periphery of the front face of said 
isolation layer, and the front face of said 2nd high concentration impurity layer, The 1st electrode 
formed in the front face of said 1st high concentration impurity layer, and the 2nd electrode formed 
in the front face of said 2nd high concentration impurity layer, Were formed in the field except the 
field in which said silicon oxide of the front face of said 2nd high concentration impurity layer was 
formed, and the field in which said 2nd electrode was formed. The wideband gap layer which 
consists of a semiconductor material which has a bigger band gap than the band gap which said 2nd 
high concentration impurity layer has, and has the 2nd conductivity type, and carries out a 
heterojunction to said 2nd high concentration impurity layer, since - the electron tube characterized 
by being constituted and carrying out incidence of the electron from the front face of said wideband 
gap layer. 

[Claim 3] It is the electron tube which enclosed the semi-conductor electron ray detector. Said semi- 
conductor electron ray detector The silicon substrate which has the 1st conductivity type, and the 1st 
high concentration impurity layer which has the 1st conductivity type formed in one front face of 
said silicon substrate, The 2nd high concentration impurity layer which has the 2nd conductivity type 
formed in the 1st field of the front face of another side of said silicon substrate, The 2nd field 
surrounding said 1st field of the front face of said another side of said silicon substrate, and the low 
concentration impurity layer which has the 2nd conductivity type formed in the front face of said 2nd 
high concentration impurity layer, The isolation layer which has the 1st conductivity type formed in 
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the field which surround said low concentration impurity layer field of the front face of said another 
side of said silicon substrate, The 3rd high concentration impurity layer which has the 2nd 
conductivity type formed in the front face of said low concentration impurity layer, The silicon oxide 
formed in the field including near the periphery of the front face of said isolation layer, and the front 
face of said 3rd high concentration layer, the 1st electrode formed in the front face of said 1st high 
concentration impurity layer, and the 2nd electrode formed in the front face of said 3rd high 
concentration impurity layer - since - the electron tube characterized by being constituted and 
carrying out incidence of the electron from the front face of said 3rd high concentration impurity 
layer. 

[Claim 4] It is the electron tube which enclosed the semi-conductor electron ray detector. Said semi- 
conductor electron ray detector The silicon substrate which has the 1st conductivity type, and the 1st 
high concentration impurity layer which has the 1st conductivity type formed in one front face of 
said silicon substrate, The 2nd high concentration impurity layer which has the 2nd conductivity type 
formed in the 1st field of the front face of another side of said silicon substrate, The 2nd field 
surrounding said 1st field of the front face of said another side of said silicon substrate, and the low 
concentration impurity layer which has the 2nd conductivity type formed in the front face of said 2nd 
high concentration impurity layer, The isolation layer which has the 1st conductivity type formed in 
the field which surround said low concentration impurity layer field of the front face of said another 
side of said silicon substrate, The 3rd high concentration impurity layer which has the 2nd 
conductivity type formed in the front face of said low concentration impurity layer, The silicon oxide 
formed in the field including near the periphery of the front face of said isolation layer, and the front 
face of said 3rd high concentration impurity layer, The 1st electrode formed in the front face of said 
1st high concentration impurity layer, and the 2nd electrode formed in the front face of said 3rd high 
concentration impurity layer, Were formed in the field except the field in which said silicon oxide of 
the front face of said 3rd high concentration impurity layer was formed, and the field in which said 
2nd electrode was formed. The wideband gap layer which consists of a semiconductor material 
which has a bigger band gap than the band gap which said 3rd high concentration impurity layer has, 
and has the 2nd conductivity type, and carries out a heterojunction to said 3rd high concentration 
impurity layer, since - the electron tube characterized by being constituted and carrying out 
incidence of the electron from the front face of said wideband gap layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the photoelectric tube which uses electron-beam- 
irradiation mold diode especially as an anode with respect to the photoelectric tube which detects the 
light which carried out incidence. 
[0002] 

[Description of the Prior Art] If an electron carries out incidence to a silicon component, an electron 
will emit kinetic energy and, finally will stand it still. In a silicon component, one pair of electronic- 
electron holes generate every energy emitted 3.6eV. Therefore, if the electron emitted from the 
photoelectric surface where -lOkV was impressed carries out incidence to a silicon component, it is 
possible for about 2800 electronic-electron hole pairs to be generated, and to take out a pair of one 
side as a signal charge. Therefore, it is theoretically possible to constitute the photodetector which 
can measure quantitatively the number of photons which is very high sensitivity and carried out 
incidence as an anode with a configuration called ****** in silicon diode to the electron tube which 
has the photoelectric surface, and the product development is advanced to it. 
[0003] Drawing 5 is the block diagram of the electron-beam-irradiation mold diode as a semi- 
conductor electronic detector used as an anode with the conventional electron tube adapting the 
above-mentioned principle. Drawing 5 (a) shows the structure section of this electron-beam- 
irradiation mold diode, and drawing 5 (b) shows distribution of the field strength in the interior at the 
time of impressing an electrical potential difference to electrode tubing of this semi-conductor 
electronic detector. The high resistance n mold silicon substrate 710 in which this electron-beam- 
irradiation mold diode has resistance of (a) 200-micrometer thickness and lkomega-cm, (b) A 
substrate 710 and p mold high concentration diffusion layer 720 whose so-called depth which carries 
out step junction and contains p mold impurity of 5xl019cm-3 is 0.5 micrometers, (c) Silicon oxide 
730 formed in the surface field except the incidence field of the electron ray of p mold high 
concentration diffusion layer 720, and the front face of the side in which p mold high concentration 
diffusion layer 720 of a substrate 710 was formed, (d) n mold high concentration layer 740 which it 
is formed [ layer ] in the front face of the opposite side the side in which p mold high concentration 
diffusion layer 720 of a substrate 710 was formed, and stops the depletion-layer breadth in the 
substrate 710 at the time of impression of a reverse bias electrical potential difference, (e) - the 
electrode 751 formed in the surface field except the incidence field of the electron ray of p mold high 
concentration diffusion layer 720, and the electrode 752 formed in the front face of (f) n mold high 
concentration layer 740 — since — it is constituted. 

[0004] Here, the reason for not forming silicon oxide in the incidence field of the electron ray of p 
mold high concentration diffusion layer 720 is because the charge generated as an electronic-electron 
hole pair produced by the kinetic energy of the incidence electron with which silicon oxide was 
absorbed in it by becoming a neutral zone cannot be taken out as a signal charge. 
[0005] Moreover, the reason for using the silicon member of high resistance (lkohm-cm) as a 
substrate 710 is for making a junction capacitance small and attaining rapidity while it impresses a 
reverse bias electrical potential difference and extends a depletion layer. For example, a junction 
capacitance is set to about 0.5pF, when the reverse bias electrical potential difference of 150V is 
impressed to the above-mentioned electron-beam-irradiation mold diode and it considers as a 
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depletion condition about the whole thickness of a substrate 710. Since external load resistance is 
usually SOohms, actuation of the nanosecond order demanded as an electronic detector which serves 
as 25psec(s) and is enclosed with the electron tube is possible for CR time constant. In addition, 
silicon oxide 730 is formed for control of the dark current. 

[0006] Drawing 5 (b) shows the field strength distribution between A-B in drawing 5 (a) at the time 
of impressing a reverse bias electrical potential difference to the above electron-beam-irradiation 
mold diode. As illustration, within the depletion layer, the electric field to which a signal charge 
(electron) is moved have occurred, and signs that it becomes the maximal value in respect of pn 
junction are shown. 

[0007] If light carries out incidence to the photoelectric surface of the electron tube, an electron will 
be emitted from the photoelectric surface. It is accelerated with the electrical potential difference 
impressed between the photoelectric surface and the above-mentioned electron-beam-irradiation 
mold diode which is an anode, and the electron chosen with the gobo carries out incidence of this 
electron to electron-beam-irradiation mold diode from the electron ray plane of incidence of p mold 
high concentration diffusion layer 720. The electron which carried out incidence emits kinetic energy 
in the silicon member which constitutes electron-beam-irradiation mold diode, and generates an 
electronic-electron hole pair. At this time, the reverse bias electrical potential difference was 
impressed to electron-beam-irradiation mold diode, and the substrate 710 is depletion-ized. The 
signal charge generated as an electronic-electron hole pair in the depletion layer is outputted as the 
signal current. 
[0008] 

[Problem(s) to be Solved by the Invention] The high concentration impurity layer in which the 
electron-beam-irradiation mold diode currently used with the conventional electron tube is 
constituted as mentioned above, and an electron ray carries out incidence has good conductivity. 
Since the dark current will increase sharply for the so-called surface level if a depletion region 
results even in an interface with silicon oxide although a depletion region grows up to be also this 
high concentration impurity layer when a reverse bias electrical potential difference is impressed, 
this is for preventing this. Therefore, since the depletion region in a high concentration impurity 
layer is formed only in the very thin field near the pn junction side, almost all the fields of the high 
concentration impurity layer which is a field from the plane of incidence of an electron ray to a 
depletion layer serve as a neutral zone. Since a signal charge cannot be effectively taken out from the 
electronic-electron hole pair generated with this neutral zone and the sensibility and precision of the 
electron tube as a photodetector are reduced, a high concentration impurity layer is so desirable that 
it is thin. 

[0009] However, as a high concentration impurity layer is made thin, electric-field concentration 
becomes large and breakdown voltage becomes smaller. Furthermore, breakdown voltage will 
become extremely small if the degree of the curve of junction to the thickness of a high 
concentration impurity layer becomes large. That is, in order to have secured impression of the 
reverse bias electrical potential difference which forms sufficient depletion region for the substrate 
which has high resistance for high-speed operation, there was a problem that the high concentration 
impurity layer which has a certain amount of thickness was indispensable, and the fall of the 
sensibility of the electron tube as a photodetector or precision was not avoided. 
[0010] Moreover, since it is accelerated and incidence of the electron generated in the photoelectric 
surface is carried out to electron-beam-irradiation mold diode, by the time it emits kinetic energy and 
stands it still, it may pass through a pn junction side. For example, if the electron accelerated by 
10keV(s) as mentioned above carries out incidence to silicon, since about several micrometers will 
invade on an average from plane of incidence, by the thickness of a 0.5-micrometer high 
concentration impurity layer, it passes through the largest pn junction side of field strength almost 
certainly (refer to drawing 5 (b)). Many energy levels are made by passage of a high energy electron 
in the band gap of silicon (S. M.SZE : Physics of Semiconductor Devives, p.49). Although these 
energy levels caused the dark current, generation of the energy level of a large number in the band 
gap near [ where field strength is big ] a pn junction side caused the big dark current, and had the 
trouble of having a bad influence to the sensibility and precision as the electron tube. 
[001 1] Furthermore, if an electronic exposure progresses, the fall of the pressure-proofing to a 
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reverse bias electrical potential difference will be assumed by being ruined. When pressure-proofing 
fell, a reverse bias electrical potential difference could not be impressed to the forge fire which 
extends a depletion layer widely to a substrate, but CR time constant became large and there was a 
trouble that a working speed fell. 

[0012] This invention aims at offering the electron tube which improved sensibility and precision by 
realizing electron-beam-irradiation mold diode of the structure where it is made in view of the 
above-mentioned situation, and can make a neutral zone thin, and an incidence electron does not 
trespass even upon a pn junction side. 
[0013] 

[Means for Solving the Problem] The electron tube of this invention forms the pn junction side of the 
electron irradiation mold diode which is the semi-conductor electronic detector to enclose in the 
substrate which contains an impurity in low concentration, and the low concentration impurity layer 
which is a low concentration impurity layer. While crossing the depletion region produced by 
impression of a reverse bias electrical potential difference throughout the thickness direction of a 
substrate and a low concentration impurity layer and forming it, the high concentration impurity 
layer which has the same conductivity type as the low concentration impurity layer which stops 
growth of a depletion region is formed in the front face where the pn junction side of a low 
concentration impurity layer is opposite. Consequently, the thickness of this high concentration 
impurity layer does not cause pressure-proof, but solution of the trouble of the conventional electron 
tube is aimed at using what thickness of this high concentration impurity layer can be made thin for. 
[0014] The 1st electron tube of this invention is the electron tube which enclosed the semi-conductor 
electron ray detector. Namely, a semi-conductor electron ray detector (a) The silicon substrate which 
has the 1st conductivity type, and the 1st high concentration impurity layer which has the 1st 
conductivity type formed in one front face of the (b) silicon substrate, (c) The low concentration 
impurity layer which has the 2nd conductivity type formed in the front face of another side of a 
silicon substrate, (d) The isolation layer which has the 1st conductivity type formed in the field 
which surround the low concentration impurity layer field of the front face of another side of a 
silicon substrate, (e) The 2nd high concentration impurity layer which has the 2nd conductivity type 
formed in the front face of a low concentration impurity layer, (f) Silicon oxide formed in the field 
including near the periphery of the front face of an isolation layer, and the front face of the 2nd high 
concentration layer, (g) — the 1st electrode formed in the front face of the 1st high concentration 
impurity layer, and (h) — the 2nd electrode formed in the front face of the 2nd high concentration 
impurity layer — since — it is characterized by carrying out incidence of the electron from the front 
face in which it is constituted and the silicon oxide of the 2nd high concentration impurity layer is 
not formed. 

[0015] The 2nd electron tube of this invention is the electron tube which enclosed the semi- 
conductor electron ray detector. A semi-conductor electron ray detector To the field except the field 
in which said silicon oxide of the front face of the 2nd high concentration impurity layer of the semi- 
conductor electron ray detector in the 1st electron tube of the above was formed, and the field in 
which the 2nd electrode was formed It consists of a semiconductor material which has a bigger band 
gap than the band gap which the 2nd high concentration impurity layer has, the wideband gap layer 
which carries out a heterojunction to said 2nd high concentration impurity layer is formed, and it is 
characterized by carrying out incidence of the electron from the front face of a wideband gap layer. 
[0016] The 3rd electron tube of this invention is the electron tube which enclosed the semi-conductor 
electron ray detector, and a semi-conductor electron ray detector is characterized by what the high 
concentration impurity layer was formed for between the substrates of a semi-conductor electron ray 
detector and low concentration impurity layers in the 1st electron tube of the above. 
[0017] The 4th electron tube of this invention is the electron tube which enclosed the semi-conductor 
electron ray detector, and a semi-conductor electron ray detector is characterized by what the high 
concentration impurity layer was formed for between the substrates of a semi-conductor electron ray 
detector and low concentration impurity layers in the 2nd electron tube of the above. 
[0018] 

[Function] In the 1st electron tube concerning this invention, the reverse bias electrical potential 
difference is impressed to electron-beam-irradiation mold diode, and all the fields of the thickness 
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direction of a low concentration impurity layer are depletion-ized. Therefore, what is not depletion- 
ized in the invasion field in the electron-beam-irradiation mold diode of an acceleration electron is 
only a high concentration impurity layer which has the same conductivity type as the low 
concentration impurity layer formed in the front face of a low concentration impurity layer. 
Moreover, since an isolation diffusion layer prevents that a pn junction side is exposed to a side face, 
it inhibits the dark current. 

[0019] A photoelectron will be generated if light carries out incidence to the photoelectric surface of 
this electron tube. It is accelerated and incidence of this photoelectron is carried out to electron- 
beam-irradiation mold diode. This incidence acceleration electron emits kinetic energy with the high 
concentration impurity layer which has electronic plane of incidence, the depletion-ized low 
concentration impurity layer, or a substrate, and generates an electronic-electron hole pair. In this 
case, since the high concentration impurity layer which has electronic plane of incidence is very thin, 
emission of energy is hardly made but all energy is emitted substantially in a depletion region. The 
signal charge taken out from the electronic-electron hole pair generated by emission of this energy is 
outputted as a signal from an electrode. 

[0020] the configuration of the electron-beam-irradiation mold diode in the 1st electron tube above- 
mentioned in the 2nd electron tube concerning this invention — in addition, as a result of forming a 
very thin wide gap layer in the plane of incidence of an acceleration electron and carrying out a 
heterojunction, a good accumulation condition is discovered to a signal charge. Since near the plane 
of incidence of an acceleration electron is in the good accumulation condition although an electronic- 
electron hole pair is generated like the 1st electron tube if the photoelectron generated in connection 
with light carrying out incidence in this condition in the photoelectric surface of this electron tube is 
accelerated and incidence is carried out to electron-beam-irradiation mold diode, one side of a signal 
charge arrives at a pn junction side efficiently, and can reduce the recombination near a front face 
with another side of a signal charge. In this way, the signal charge collected efficiently is outputted 
as a signal from an electrode. In addition, a wideband gap layer acts also as a kind of passivation 
film, and protects electron-beam-irradiation mold diode from contamination of the alkali metal 
generated at the time of enclosure. 

[0021] In the 3rd electron tube concerning this invention, in addition to the configuration of the 
electron-beam-irradiation mold diode in the 1st above-mentioned electron tube, the high 
concentration impurity layer which has the same conductivity type as a low concentration impurity 
layer between a substrate and a low concentration impurity layer is formed, high electric field occur 
in this high concentration impurity layer at the time of impression of a reverse bias electrical 
potential difference, and an avalanche multiplication function is discovered. If the photoelectron 
which light generated in connection with incidence in the photoelectric surface of this electron tube 
is accelerated and incidence is carried out to electron-beam-irradiation mold diode in this condition, 
an electronic-electron hole pair will be generated like the 1st electron tube, and one side of a signal 
charge will advance in the direction of a pn junction side. Just before passing through a pn junction 
side, avalanche multiplication of one side of this signal charge is carried out. Therefore, the total 
amount of the signal charge which reaches a substrate becomes what increased compared with the 
case of the 1st electron tube. In this way, the signal charge which increased is outputted as a signal 
from an electrode. 

[0022] In the 4th electron tube concerning this invention, in addition to the configuration of the 
electron-beam-irradiation mold diode in the 2nd above-mentioned electron tube, the high 
concentration impurity layer which has the same conductivity type as a low concentration impurity 
layer between a substrate and a low concentration impurity layer is formed, high electric field occur 
in this high concentration impurity layer at the time of impression of a reverse bias electrical 
potential difference, and an avalanche multiplication function is discovered. Therefore, it has the 
operation in which the both sides of the improving point in the 2nd electron tube to the 1st electron 
tube and the improving point in the 3rd electron tube to the 1st electron tube have been improved. 
Consequently, avalanche multiplication of the signal charge which advances in the direction of a pn 
junction side efficiently is carried out, and it is outputted as a signal from an electrode. 
[0023] 

[Example] Hereafter, the example of this invention is explained with reference to an accompanying 
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drawing. In addition, in explanation of a drawing, the same sign is given to the same element, and 
the overlapping explanation is omitted. 

[0024] (The 1st example) Drawing 1 is the block diagram of the electron tube concerning this 
example, and drawing 1 (a) shows the configuration of the electron-beam-irradiation mold diode 
with which drawing 1 (b) was enclosed with the electron tube in the configuration of the whole 
electron tube. The photoelectric-surface plate 1 10 which has the photoelectric surface 1 1 1 which this 
electron tube receives light and emits an electron, The 1st grid 131 and the 2nd grid 132 which 
narrow down the electron which constituted enclosure from a glass bulb 120 and was emitted from 
the photoelectric surface in enclosure, It is constituted including the shield 140 which restricts the 
course of the accelerated electron, and the electron-beam-irradiation mold diode (it is also only 
henceforth called diode) 200 which detects the acceleration electron which carried out incidence and 
outputs a signal charge. A reverse bias electrical potential difference is impressed to diode 200 
through load resistance (R) from DC power supply (E). The voltage signal generated to the both ends 
of the load resistance (R) produced when the signal charge generated for diode 200 flowed load 
resistance (R) is inputted into amplifier (AMP). In addition, in the electron tube of this example, the 
acceleration voltage of a photoelectron is lOkV, therefore the penetration depth to the silicon 
member of an acceleration electron is several micrometers. 

[0025] The silicon substrate 210 of 1mm angle on which diode 200 has the conductivity of a (a) n 
mold, (**) - with the high concentration impurity layer (n mold high concentration layer being 
called henceforth) 250 which has the conductivity of n mold formed in one front face of a silicon 
substrate 210 The anode layer 220 which has the conductivity of p mold formed in the front face of 
another side of the (c) silicon substrate 210, The isolation layer 230 which has the conductivity of n 
mold formed in the field which surround anode layer 220 field of the front face of another side of the 
(d) silicon substrate 210, (**) - with the high concentration impurity layer (p mold high 
concentration layer being called henceforth) 240 which has the conductivity of p mold formed in the 
front face of the anode layer 220 The silicon oxide 260 formed in the front face of the isolation layer 
230, and the field including near the periphery of p mold high concentration layer 240, (Mosquito) 
the electrode 271 formed in the front face of the (g) n mold high concentration layer 250, and the 
electrode 272 formed in the front face of the (h) p mold high concentration layer 240 - since - it is 
-constituted. 

[0026] At this example, a silicon substrate 210 is formed from the silicon of 200-micrometer 
thickness containing n mold impurity of extent used as O.Olohms of specific resistance cm, and the 
anode layer 220 forms in 40-micrometer thickness the silicon containing p mold impurity with which 
specific resistance becomes about lOOohmcm with epitaxial growth. 

[0027] Moreover, after forming p type layer in one front face of n mold silicon substrate 210, the 
isolation diffusion layer 230 diffuses n mold impurity to the predetermined field of p type layer (a 
part of silicon substrate included as a result), and is formed in it, and it prevents that a pn junction 
side is exposed to a side face. Consequently, the dark current is inhibited. 

[0028] Moreover, p mold high concentration layer 240 is a layer of 0.1 -micrometer thickness which 
has the high impurity concentration of 5xl019cm-3. this thickness - although all serve as a neutral 
zone mostly, the thickness of a neutral zone is reduced compared with the configuration of the 
conventional electron irradiation mold diode. Since the anode layer 220 intervenes between p mold 
high concentration layer 240 and a silicon substrate 210, the factor as which the thickness of p mold 
high concentration layer 240 determines pressure-proofing of a pn junction side does not become, 
and growth of the depletion region accompanying impression of a reverse bias electrical potential 
difference is stopped effectively. 

[0029] A photoelectron will be generated if light carries out incidence to the photoelectric surface 
111 of this electron tube. It is accelerated and incidence of this photoelectron is carried out to the 
electron-beam-irradiation mold diode 200. between the electrode 271 of the electron-beam- 
irradiation mold diode 200, and an electrode 272, the reverse bias electrical potential difference of 
abbreviation 100V impresses - having - the anode layer 220 - the whole region and near the pn 
junction side of a silicon substrate 210, it is depletion-ized mostly. An incidence acceleration 
electron emits kinetic energy in p mold high concentration layer 240 which has electronic plane of 
incidence, and the depletion-ized anode layer 220, and generates an electronic-electron hole pair. In 
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this case, since p mold high concentration layer 240 which has electronic plane of incidence is very 
thin, emission of energy is hardly made but all energy is emitted substantially in a depletion region. 
The signal charge taken out from the electronic-electron hole pair generated by emission of this 
energy is outputted as a signal from an electrode 271 and an electrode 272. 
[0030] By the way, the electron of lOkeV emits all kinetic energy in the field to a depth of about 
several micrometers of a silicon member, namely, the penetration depth of an incidence acceleration 
electron — about several micrometers - it is - a signal charge ~ all are almost generated in the 
anode layer 220. The rise time of the signal current produced when this signal charge flows 
resistance (R) is mainly determined as time amount until an electron hole reaches p mold high 
concentration layer 240 from the generating location of an electronic-electron hole pair, and time 
amount until an electron arrives at a pn junction side from the generating location of an electronic- 
electron hole pair in the later one. The generating location of an electronic-electron hole pair is about 
several micrometers from the plane of incidence of an acceleration electron, and the thickness of the 
anode layer 220 is 40 micrometers. Considering this, even if it takes into consideration the difference 
with the mobility of the electron in the anode layer 220, and the mobility of an electron hole, the rise 
time of the signal current is decided by the electronic transit time. Moreover, although the fall time 
of the signal current is determined by the time amount to which an electron runs the depletion region 
in a substrate 210, the depletion region in [ the difference of specific resistance with a silicon 
substrate 210 and the anode layer 220 to ] a silicon substrate becomes thin, and becomes small 
compared with the rise time. 

[0031] In the electron tube of this example, the maximum of the transit time of the electron of the 
anode layer 220 is calculated as follows. In addition, a reverse bias electrical potential difference is 
100V as mentioned above. 

- maximum electric-field — of the pn junction section produced by perfect depletion-ization of the 
reverse bias electrical-potential-difference -60V and the anode layer 220 required for depletion- 
izing of the anode layer 220 - electric-field -1x104 V/cm produced by 3x104 V/cm and (100V- 
60V) =40 V - here - electronic mobility - 1800cm2/(V-sec) - carrying out - = (maximum of the 
transit time of the electron of the anode layer 220) - it has been about 0.1ns. Therefore, actuation of 
nanosecond order is possible for the electron tube of this example. 

[0032] In addition, although the anode layer was formed with the epitaxial grown method in this 
example, you may form with a diffusion wafer or a lamination wafer. 

[0033] A speed of operation is comparable, and when the electron tube which enclosed the diode of a 
large area further is required, it is good, if the part and depletion layer which became a large area and 
the junction capacitance increased are extended and a junction capacitance is not changed as a result. 
Specifically, there are the following approaches. 

(1) Or it increases the layer growth by epitaxial growth, while forming a thick anode layer using a 
diffusion mold wafer or a lamination wafer, increase a reverse bias electrical potential difference and 
extend a depletion layer greatly. 

(2) Lower the high impurity concentration of a silicon substrate and consider as the configuration in 
which a depletion layer spreads also in a silicon substrate side. 

[0034] For example, the reverse bias electrical potential difference in which sets thickness of an 
anode layer to 80 micrometers, and an anode layer carries out all depletion is impressed using a 
diffusion wafer. Thereby, a plane-of-incidence product is expandable to 1.5mm angle from 1mm 
angle. In this case, as for the transit time of the signal electron which determines the rise time and the 
fall time of the signal current, only the part to which the depletion layer became thick becomes long. 
However, since this transit time is in inverse proportion to the added electric field, twice, then a 
working speed are [ the reverse bias electrical potential difference to impress ] securable. 
[0035] (The 2nd example) Drawing 2 is the block diagram of the electron tube concerning this 
example, and drawing 2 (a) shows the configuration of the electron-beam-irradiation mold diode 
with which drawing 2 (b) was enclosed with the electron tube in the configuration of the whole 
electron tube. It is only that the electron-beam-irradiation mold diodes to enclose differ compared 
with the electron tube of the 1st example, and this electron tube is similarly constituted except it. 
[0036] In addition to the same configuration as the electron-beam-irradiation mold diode of the 1st 
example, the electron-beam-irradiation mold diode 300 enclosed with the electron tube of this 
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example forms in acceleration electronic plane of incidence the wideband gap layer 380 which has 
the conductivity of p mold by using as a base material the ingredient matter which has a big band 
gap and consists of band gaps of silicon. Namely, this electron-beam-irradiation mold diode 300 
The silicon substrate 310 of 1mm angle which has the conductivity of a (a) n mold^and n mold high 
concentration layer 350 formed in one front face of the (b) silicon substrate 3 10 The anode layer 320 
which has the conductivity of p mold formed in the front face of another side of the (c) silicon 
substrate 310, The isolation layer 330 which has the conductivity of n mold formed in the field 
which surround anode layer 320 field of the front face of another side of the (d) silicon substrate 3 10, 
p mold high concentration layer 340 formed in the front face of the (e) anode layer 320, The silicon 
oxide 360 formed in the front face of the isolation layer 330, and the field including near the 
periphery of p mold high concentration layer 340, (Mosquito) the electrode 372 formed in the front 
face of the (g) n mold high concentration layer 350, the electrode 371 formed m the front face of the 
(h) p mold high concentration layer 340, and the wideband gap layer 380 of several nm thickness 
which has the conductivity of a (i)p mold -since -it is constituted. 

r00371 With a spatter, PVD, or a CVD system, the wideband gap layer 380 makes the silicon carbide 
which has the same conductivity type as the high concentration layer 340, a cadmium tellurium, etc. 
deposit, and is formed. This deposition is comparatively possible at low temperature and does not 
need to cause damage on a silicon member. Moreover, since it is a wideband gap while it is stable 
and not becoming the source of generation of the dark current to a temperature change a 
heteroiunction is carried out to p mold high concentration layer 340, and acceleration electronic 
plane of incidence is made into an accumulation condition. Furthermore, it acts also as a kind of 
passivation film, and electron-beam-irradiation mold diode is protected from contamination of toe 
alkali metal generated at the time of enclosure. In addition, although toe wideband gap layer 380 
serves as a neutral zone, since it is very thin, the increment in the neutral zone by the wideband gap 
layer 380 can be disregarded substantially. 

r00381 If light carries out incidence to toe photoelectric surface 1 1 1 of this electron tube, a 
Photoelectron will be generated and incidence will be carried out to diode 300 like toe 1st example, 
between toe electrode 371 of diode 300, and an electrode 372, toe reverse bias electrical potential 
difference of abbreviation 100V impresses - having ~ the anode layer 320 - toe whole region and 
near toe pn junction side of a silicon substrate 310, it is depletion-ized mostly. An incidence 
acceleration electron emits kinetic energy in p mold high concentration layer 340 which has 
electronic plane of incidence, and the; depletion-ized anode layer 320, and generates an eleclronic- 
electron hole pair. In this case, since toe wideband gap layer 380 and p mold high concentration 
laver 340 are thin, emission of energy is hardly made but all energy is emitted substantially m a 
depletion region. Although the electronic-electron hole pair generated by emission of this energy is 
generated since near the plane of incidence of an acceleration electron is in the good accumulation 
condition, on the other hand, a signal charge comes out, and a certain electron arrives at a pn 
junction side efficiently. In this way, toe signal charge collected efficiently is outputted as a signal 
from an electrode 271 and an electrode 272. 

[0039] Also in the electron tube of this example, an anode layer may be formed with a dittusion 
wafer or a lamination wafer like toe 1st example. ■ tU - 

r0040] (The 3rd example) Drawing 3 is the block diagram of the electron tube concerning this 
example, and drawing 3 (a) shows toe configuration of the electron-beam-irradiation mold diode 
with which drawing 3 (b) was enclosed with the electron tube in toe configuration of the whole 
electron tube. It is only that toe electron-beam-irradiation mold diodes to enclose differ compared 
with toe electron tube of toe 1st example, and this electron tube is similarly constituted except it 
[0041] In addition to the same configuration as the electron-beam-irradiation mold diode of the 1st 
example the electron-beam-irradiation mold diode 400 enclosed with the electron tube of this 
example forms p mold high concentration layer between a substrate and an anode layer, and is 
constituted. Namely, this electron-beam-irradiation mold diode 400 The silicon substrate 410 of 
1mm angle which has the conductivity of a (a) n mold, and n mold high concentration layer 450 
formed in one front face of the (b) silicon substrate 410, p mold high concentration layer 490 formed 
in the predetermined field of toe front face of another side of toe (c) silicon substrate 410, The anode 
layer 420 which has the conductivity of p mold formed in toe front face of another side of toe (d) 
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silicon substrate 410, The isolation layer 430 which has the conductivity of n mold formed in the 
field which surround anode layer 420 field of the front face of another side of the (e) silicon substrate 
410, p mold high concentration layer 440 formed in the front face of the anode layer 420, (Mosquito) 
The silicon oxide 460 formed in the front face of the (g) isolation layer 430, and the field including 
near the periphery of p mold high concentration layer 440, the electrode 472 formed in the front face 
of the (h) n mold high concentration layer 450, and the electrode 471 formed in the front face of the 
(i) p mold high concentration layer 440 since - it is constituted. 

[0042] p mold high concentration layer 490 is formed by the embedding diffusion method or the 
epitaxial grown method. When based on an epitaxial grown method, double epitaxial growth is 
carried out. At the time of impression of a reverse bias electrical potential difference, high electric 
field occur in p mold high concentration layer 490, and an avalanche multiplication function is 
discovered. 

[0043] If light carries out incidence to the photoelectric surface 111 of this electron tube, a 
photoelectron will be generated and incidence will be carried out to diode 400 like the 1st example, 
between the electrode 471 of diode 400, and an electrode 472, the reverse bias electrical potential 
difference of abbreviation 100V impresses - having - the anode layer 420 - the whole region and 
near the pn junction side of a silicon substrate 410, it is depletion-ized mostly. An incidence 
acceleration electron emits kinetic energy in p mold high concentration layer 440 and the depletion- 
ized anode layer 420, and generates an electronic-electron hole pair. In this case, since the wideband 
gap layer 480 and p mold high concentration layer 440 are thin, emission of energy is hardly made 
but all energy is emitted substantially in a depletion region. Although the electronic-electron hole 
pair generated by emission of this energy is generated, on the other hand, a signal charge comes out, 
and just before arriving at a pn junction side, avalanche multiplication of a certain electron is carried 
out. In this way, the signal charge by which multiplication was carried out is outputted as a signal 
from an electrode 471 and an electrode 472. In addition, since an avalanche multiplication factor can 
usually be carried out to about 100, the very highly sensitive electron tube is realizable. 
[0044] Also in the electron tube of this example, an anode layer may be formed with a diffusion 
wafer or a lamination wafer like the 1 st example. 

[0045] (The 4th example) Drawing 4 is the block diagram of the electron tube concerning this 
example, and drawing 4 (a) shows the configuration of the electron-beam-irradiation mold diode 
with which drawing 4 (b) was enclosed with the electron tube in the configuration of the whole 
electron tube. It is only that the electron-beam-irradiation mold diodes to enclose differ compared 
with the electron tube of the 1st example, and this electron tube is similarly constituted except it. 
[0046] In addition to the same configuration as the electron-beam-irradiation mold diode of the 1st 
example, the electron-beam-irradiation mold diode 500 enclosed with the electron tube of this 
example forms in acceleration electronic plane of incidence the wideband gap layer 580 which has 
the conductivity of p mold by using as a base material the ingredient matter which has a big band 
gap, and consists of band gaps of silicon. Namely, this electron-beam-irradiation mold diode 500 
The silicon substrate 5 10 of 1mm angle which has the conductivity of a (a) n mold, and n mold high 
concentration layer 550 formed in one front face of the (b) silicon substrate 510, p mold high 
concentration layer 590 formed in the predetermined field of the front face of another side of the (c) 
silicon substrate 510, The anode layer 520 which has the conductivity of p mold formed in the front 
face of another side of the (d) silicon substrate 510, The isolation layer 530 which has the 
conductivity of n mold formed in the field which surround anode layer 520 field of the front face of 
another side of the (e) silicon substrate 510, p mold high concentration layer 540 formed in the front 
face of the anode layer 520, (Mosquito) The silicon oxide 560 formed in the front face of the (g) 
isolation layer 530, and the field including near the periphery of p mold high concentration layer 
540, the electrode 572 formed in the front face of the (h) n mold high concentration layer 550, the 
electrode 571 formed in the front face of the (i) p mold high concentration layer 540, and the 
wideband gap layer 580 of several nm thickness which has the conductivity of a (j) P mold - since - 
it is constituted. 

[0047] The wideband gap layer 580 is constituted for the 2nd example and p mold high 
concentration layer 490 like the 3rd example. 

[0048] If light carries out incidence to the photoelectric surface 1 1 1 of this electron tube, a 
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photoelectron will be generated and incidence will be carried out to diode 500 like the 1st example, 
between the electrode 571 of diode 500, and an electrode 572, the reverse bias electrical potential 
difference of abbreviation 100V impresses - having - the anode layer 520 - the whole region and 
near the pn junction side of a silicon substrate 5 1 0, it is depletion-ized mostly. An incidence 
acceleration electron emits kinetic energy in p mold high concentration layer 540 and the depletion- 
ized anode layer 520, and generates an electronic-electron hole pair. In this case, since the wideband 
gap layer 580 and p mold high concentration layer 540 are thin, emission of energy is hardly made 
but all energy is emitted substantially in a depletion region. Although the electronic-electron hole 
pair generated by emission of this energy is generated, on the other hand, a signal charge comes out, 
a certain electron runs in the direction of a pn junction side efficiently, and avalanche multiplication 
is carried out just before attainment. In this way, the signal charge by which multiplication was 
carried out is outputted as a signal from an electrode 571 and an electrode 572. 
[0049] Also in the electron tube of this example, an anode layer may be formed with a diffusion 
wafer or a lamination wafer like the 1st example. 

[0050] . . 

[Effect of the Invention] As mentioned above, according to the 1st electron tube of this invention, it 
is related with the electron-beam-irradiation mold diode to enclose as explained to the detail. Form a 
pn junction side in the substrate and low concentration impurity layer which contain an impurity in 
low concentration, and the thin high concentration impurity layer which has the same conductivity 
type as the low concentration impurity layer which stops growth of a depletion region is formed in 
the front face where the pn junction side of a low concentration impurity layer is opposite. Since it 
decided to cross the depletion region produced by impression of a reverse bias electrical potential 
difference throughout the thickness direction of a low concentration impurity layer, and to form it, it 
becomes possible to make a neutral zone thin, and the electron tube which improved sensibility and 
precision can be realized. Moreover, since the isolation diffusion layer was formed in the perimeter 
by the side of the side face of a low concentration impurity layer, the dark current by exposure of a 
pn junction side being prevented is inhibited, and improvement in the sensibility of the electron tube 
or precision is attained. 

[0051] the configuration of the electron-beam-irradiation mold diode in the 1st electron tube above- 
mentioned in the 2nd electron tube concerning this invention - in addition, since a good 
accumulation condition is discovered to a signal charge and a signal charge arrives at a pn junction 
side efficiently as a result of forming a very thin wide gap layer in the plane of incidence of an 
acceleration electron and carrying out a heterojunction, the electron tube which improved sensibility 
and precision further rather than the 1 st electron tube is realizable. 

[0052] In the 3rd electron tube concerning this invention, it adds to the configuration of the electron- 
beam-irradiation mold diode in the 1st above-mentioned electron tube. Since the high concentration 
impurity layer which has the same conductivity type as a low concentration impurity layer is formed 
between a substrate and a low concentration impurity layer, high electric field occur in this high 
concentration impurity layer at the time of impression of a reverse bias electrical potential difference 
and an avalanche multiplication function is discovered The output signal charge accompanying 
emission of the kinetic energy of an incidence acceleration electron increases, and the electron tube 
which improved sensibility and precision further rather than the 1st electron tube can be realized. 
[0053] In the 4th electron tube concerning this invention, it adds to the configuration of the electron- 
beam-irradiation mold diode in the 2nd above-mentioned electron tube. Since the high concentration 
impurity layer which has the same conductivity type as a low concentration impurity layer is formed 
between a substrate and a low concentration impurity layer, high electric field occur in this high 
concentration impurity layer at the time of impression of a reverse bias electrical potential difference 
and an avalanche multiplication function is discovered The electron tube which has the sensibility by 
which the both sides of the improving point in the 2nd electron tube to the 1st electron tube and the 
improving point in the 3rd electron tube to the 1st electron tube have been improved, and precision is 
realizable. 

[0054] Especially when using avalanche multiplication like the 3rd and 4th photoelectric tubes, it is 
possible to acquire very high gain and it becomes detectable [ a single photon ]. Moreover, since the 
instability and the response characteristic of gain resulting from the dynode which becomes a 
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problem with the photomultiplier tube are improved, super-high sensitivity and a ultra high-speed 
photodetector are realizable. Furthermore, since multiplication fluctuation becomes small compared 
with the photomultiplier tube, an incident light child's counting also becomes possible. 
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PURPOSETo realize an electron beam 
radiation type diode having a structor in a thin 
dead zone which incidental electrons may not 
intrude into a p-n junction surface, so as to 
provide an electron tube having improved 
sensitivity and precision. 
CONSTITUTION:Photoelectrons generated by 
light inciden to a photoelectric surface 111 are 
accelerated to be incident on an electron beam 
radiation type diode 200. An inverse bias 
voltage is applied between an electrode 271 
and an electrode 272 of the electron beam 
radiation type diode 200, and almost all the 
range of a low concentration impurity layer 220 
is formed hollow. The incidental accelerated 
electrons emit motion energy at a high 
concentration layer 240 having an electron 
incidental surface and the hollow low 
concentration impurity layer 220 to generate 
electron-positive hole pairs. The high 
concentration layer 240 having the electron 
incidental surface is extremely thin, so almost 
no energy is emitted, but substantially all the 
energy is emitted in the hollow range. Signal 
load taken from the electron-positive hole pairs 
generated by this emission of energy is 
outputted as signals, from the electrodes 271, 
272. 
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mas"; 3>*s©inaf6*©«a©<wa» 1 ©«w* 

Htf*2 ©«*i«rSB»2 ©WiMPRI«»JH©*ffiK:jg 

jS3 tifc* 2 owgttriffiinnwii i . 
mas' y 3 >»s©iinBf6^©*n©frfBffiise^fi^ 
««Kjgj«3ti?fc» 1 ©*^*wr 

WEfiiMEW«I«©*iBCCJi5li!EStifc» 2 ©^mM?: 

s* 3 ©it;?ss^»Ji £ . 

mflBT-f v U-S' a >J1©*M£b«IB^3 ©1S?^S^*B 
%Jf©^B©^Ji#ffl ; &^t?^K:jfM3 nfcv y 3 > 
ffiibSi. 

mmm 1 ©^a^^^@©*ffi(c^^3 n/c^ 1 ©s 

Si. 

s?ia^ 3 ©stsa^iK^if ©*Btc^fiS3 n/c^ 2 ©m 

Si. 



(3) 

3 

B5FI53I3 <onm^wwm<Dmm<Dmmis y =»BHbi& 

m-TZ'^ F*> -j 7'<« &A#ft^*> K+> v 

u m2<DmmMzm-?z>¥m#ttn&z>te , o . striae 
zcomm^mmmt^T-rim^-t^'y^ F>t> f*> 

[#£HJ|©ffcSB|&|ftHJ] 10 
[0001] 

[illSth©W8#iJ] *mm*, A$iLtcftZ$itii?Z 
[0002] 

l*t©«-^-IE?L*s*RrrS„ IfcAS-jt, - lOkV 
«:AWTn«. *J2 8 0 0ffl©*^-IE?L*frt*£Ji£3 

[ooo3]§5«, ±m<Dmm^mbtcM^<D^ 
(Dm^-umsm^At- f©«jsS0-c*s. 05 (a) 30 

«C©m-?«MWS^-f^-F©#3i»f®^L', 05 
( b ) {JC©*3H*«^HiS©Sffi««:SEE«:ElttDl/ 

HMWS!^*- Ftt. (a) 2 00/Ltmil. lkQ- 
cmWJgK^Wr^iSiSKnM^y^vSS? 1 0i. 
(b) S«7 1 OM^^SPiSig^U 5xl0"c 
m-^pM^fJ^^tfv Si3#0. 5um©pMffirS 
a3£ffcJI7 20i, ( c) p§m?«££&tfcH7 2 0Ot 

ajww**i»<.> i&kwmm ii«7 1 oopan 

jME10^7 2 0*^J*L.A:W©a®iK»JiSSnfc^ 40 
yn>HtI7 3 0t, (d) *1£7 1 0©p§«?£S 
J£tfcJI7 2 0€r^L/fcW4S*tWJ©*B{c^fiSSn. 

^•?^T^«E©Entti^©s«7 i opwrnzmmiw 

Z»±2itZnmM&gm7 4 0 i. (e)'pSiiSiAg 
J£tfcJI7 2 0©«^©AftKH*4l*«.>fc*B««K:JB 
fi£3n/cmS7 5 1 i. (f) nfflK«ttJi740©a 

[0004] C CT\ pSlSi*&f£«fcJB7 2 0 ©«^ 
©AAMWCS' y a >MfUI«jaaottl»BAB. V 
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^©a»x*^^«cj:-3-c*i:5S^— iE?L*t£Lr#6 
[000 5] *fc. S«7 1 04L-CH5fi!a (lkQ- 

cm) ©i/y3>aw**«ffl-rsas«. i^-frxi 

^tgMWSS^*- FCC 1 5 0 V©3»/'«-fTX«ff*EIl 
jiil-c*K7 1 0©»*^KHt,ra2tt»£Ufc» 
^&c«. g^gfi^faO. 5pF«5. JHtfWCflW 
fitS«®»5 0 Q-C&*#»6. CR^iB2 5 p s e 

h*^^»*-y©«fWnIIB-C*S. ft*. ->ya> 
&{bHt7 3 0liBg«SK©fflI*<F©ft:«){C^iSStit:i>5. 
[ 0 0 0 6 ] H 5 ( b ) HE. fel±©S^M*fM#-Y * 
- FK.m.mTXmE.*Hl1]QLtci&&<DM5 (a) Kfe 
WSA-Bia-C©S|ft^S^*^. ii©i0, £ 

2»rt-c»{g**«f («•?) o 

[0 00 7] *^F«©36«ffiCCje*tAltrS &. *^B 

3&j e, *f3&Jjkai 3ns. c ©ST-«3fcHB tr^-Ft 

*4±K©« : f««M4ffly-/*- FiOHKBJJiDSnfc 

ifimFfwmm. # a * - f k p sisasffitsui 720© 
WM^z-i Ffctta!><-fy**E#«pflns*i. 

[0 00 8] 

[»98*s»»to«fc5fr*iiyii] ^©^'g-cffiffl? 

htl^tmiiltlf^ ^- F BLUE© J: 9 tc«ES2 

n> m-?s^AS^-r^ii;rsaTiW^Btt^ttA 5 ^^o 
itm^Aitiicit6n-r-5©-c. cn*ES±-rsfc*r* 

S 0 Lfcifi^X. l««flPT««Ji-C©2B2««»pn* 
^E©jfi«©*«tcj»«r>««K: OWBfiRS hftl»©r. 
*^«© AWB* 6 * r <Dffl$Xi> * WMETW 

ftJi©s^:^^©^»^ffl^i^c4. c©^rs^-c^ 

BT?*ttC>©"C. jteMffiSi LT©S^«©!SS^fflS 

[0009] is?gs^^B i &»<-rtiB-r^ 



5 

3fcfcffig i 1/ T ©Wf^J^*»l*©ffiTJW»* 6 ti 
[0010] 5fe«ET^OfcS-?-«ttKi3ti'r 

*&. ±ia©j;5K:i o ke vccflniisftfcii 

f*!/ >; 3 XcAftf-T * 6 . A*fffi*» fc^arcK m mil 
ggA-rSO-C. 0. 5 ym©iSiftl£W&JB©JS<*'r 
tt«iaitllK:S|??ffiK©ftfc^*i»p nl^l^IIt 
■5 (05 (b) #M) . iSx*;l/^fI-7-©iIift{C <fc 0 -> 
U3>©a> 2>7'cfifc^^©i^;i'+*U'-<^* s flF 

DtBStxS (S.M.SZE : Physics of Semiconductor Dev 
ives, p. 49) . Cft6©x*>l/¥U^;W*Bf«ift©IgiH 
•fcfcsa*. «!?^iR©;rt:$&p nm£ffiW&V<D'*> F 
„ :/c^c:fo^s^£fc©x*;i^u^;u©^ttAi* 
ttBffWft©IIKH £ ft 9 . £ LTOttK-tftflHCtf 

b-cmnem*:*)-*. * i to mbmi*** -a fc. 

[001 1 ] KfC. "S^<DMW* 5 j1&«p ni^ii^ 

ffiT#wesne. HE#®T-rs£> js«k:k<^ 
[0012] ±i2©t£S£i»T&;*ftfck 

©-cab <3 . *BSS*» < t^floAltS^* p n M£® 

k * ^«a o & t»«js«rtt^F«JSHiffl *v * - f zmm 

[00 13] 

[B®*«?9i-r-5fc«>©#®] *»»©«?•*«. £fA 
■j-«2|£»*« : 5r*ffiS"C*'5« J f-«8«Sy^*- F©p 
n &£® ttffi®Z&mg.lc-§ts £ ffiaUCTMMlJI 

epaicc j: r£ & z>&z.m®&mfctimBem®m t 

mnM<D p ng^I t t*S»©«ffl«:ffi£««©l5Sfi* 
±»£<SiggPF*6 ! 8J»£|g|— ©aHB£fc*rSffiHCT 
»M4iftf4. C©j*S. C©Sjia^F*6«5)l©J? 
3ttWE©BH£fc6?\ C©*«flETOMi©«3* 

K-rsctms, c<t^jfflor^*©s^lf© 
[oouirm. #WH©m ©*?■«». 
sttttisct. ( a ) m i ©»*a[*wr * 5/ y ^ >s« 

£ . (b)J";a >««©— #©*HtCJ£j£ 3 ftfcSt 1 
©**SJ**f SIH 1 ©»i*BPRW»Jl £ . < c ) f y 
3 >««©ffcfr©*ffiK:j|&SS ftfc» 2 ©**a!**ri" 
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6 

hsukspfwum t . (d)->>;3 >ss©f&#©*® 

©ffi^RK#Mi««*Bl 0 « < «MtcJ£l$ 5 ftfcSt 1 
Ol^WtST-fVU-^a^li, (e)iBiSS 
JFWftlKOaffiKJgfiR 3 ft 2 ©iim§2£ *tf SU£ 2 

<omm&mmm £ . ( f ) r 4 v > a >a©ft® 

£ IH 2 ©lStftS»©*ffi©^J3#ifi*^tf^i fc0(8; 
3 ftfci' y n ymitm £. (g)Sl ©ffi»l£ttK8lJI 
©*®K:^J$3 ftfclS 1 ©«S £ . (h) 12 ©fS?gg 
*i!$^Jt©*®Ct^i£3ft;fcSfl2©Sg£, a>&«JjR3 

io nm 2 ©5S?fiK^*B!g»)i© ^ y a >&{tjttfj&j$ 3 ft-c 
[0015] *i6W©»2©«^««. *swwhm* 

2 ©w?gafT«ft/i©*®©Buiav ^ >K-ftJ!*i^iiR 

StifclRi*i»2©»Bfc&i0JftStifc««i*l»< *« 
t K . ^2 ©i«figa^tt®lJl©W-r 5 /<> F + » ^ J: 

o feA*^c^*> f+> w^^rrs^NWEtw^stt 

0 . filB* 2 ©38£@PF*fi!85H <!: ng^T F 
20 n*> F^f -^IWSti, 7 F-'O F*> y'm 

[0016] *»J8©#3 ©W^HKi. 

ffig£i*Ai/fc«^- < rc*^-c > ^am^mfttBs 
». ±esp i om^mictettz^mwm+muii&om 

[0017] *^Of4©S^fB, 
», ±ffi^2©S^-«Cctett^««rt8^«tfeaiS©S 

[0018] 

y-f^-- FfcwM^vr^mEE^Enftisnrfcfj^ 

»pjIS^©m^MWMy-r^-Frt{c*sWS 

40 KJiw. p n^®*iffifBtcsm-rsci*B6i±-rs© 

[0019] C©m^g©^m®K^*iA*fTS i** 
C©3tS^«*D3l3nS^iSJSS*M^^ 
*-FKA«W*. ^©AUfflJjim^tiST-AW®?:^ 

50 ©x^;b+'©SJcHJCc J: -,T«flfeL-fc«^~ jE?W**>68t 



(5) 

7 

too2o] *»!itca£*2 ownr-cK. ±iB©m 

ft7=f»AU-i'3>tt!i*s«i«. cow, c 
cD^lfW^SMJCTfe^AW-r £ ©K £ & o I, 

fc^-?*ftBiL-r*^«flS«sy-f *- fkaw-t-s 

HlfiWf© AWBtf jfi*W«C r+^AU-Va 

£&o-ct,>£©-t\ m#**f©— *»i»S<pn^ 
[oo2i] *^sjic^.2)iS3©m-?-«T« > ±ia©n 

1 ©S^eccfcWSS^SMWS^-f*-- K©»^CCJP 20 

tlx, mw.t&w&*n®mt<ofotcmm£*wtomt 
k> . jM-^'-fT.x mE©En»nB#K « c ©isasstfW&B tc 

tt*r. C©«Ttt©#«ffifc#**A»«:&fettoT*a 

£ L/ u rs^taraws? y>f *-f tc aw 

* i (Dni-mtmWiicm^—iEnm^fS,^ 

ft; M#S^©— *«pn^ffi-©^{cattfr4. 
C©flMWt«f©— #tt. p ng^ffifcilifi-f SeiWtCT 

^Sffi©*§Sttl& 1 ©m^ff©*§£«:J:[:-<-ClfAt,fc& 
■©ift-S. C *> Grit ALfcff-^Mi*. «ffi#>6fi# 

[0 022] *^BJtC^-2,^4©m-?et'tt > ±se©fg 
2©W^{c*W4*F*Wtt*ffl#-f F©«fiSfcSP 

*ot, ^i©m-?- i Sccstur©^2©m^t«:*5W-s 40 

SJc#j&teJ: CflSf 1 (DM+'gt&tt 0 T©jS 3 © VHftC* 

*. p n«^if^©^i^jitf-rse-*i«ff36* 

4. 

[0023] 

[0 024] (J& 1 HitW 0 1 ttWeWWKtt**?- 50 
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momimxab <o . si (a) ttWF*£<*©aws*. 
eii (b) «*-^KSAsnfc«^Hwa«ay-f*- 

w-rsiemsi i i ttrrsxttiBKi 1 o t, 

/•?;U7*1 2 0£T?*fA£g£«»*U SASSWte. * 
«ffl*6»W3tife« : f-*»'Jiitr» 1 ^ »J » F 1 3 1 
fe<fcO*02 if V y ¥ I 32 i. MM3ftfc1i^©itSS£ 

sfrtg-rsiMas uoi, AWLfc»nas^>&^mL/r 

fc#4*-F £*>«!-*-$> 20 0i, Z%A,Xffif&Zti 
3. ^^^-F2 0 0K:« V j£«E«(g (E ) *6tSfi 
tn (R) *^Lra»^-fr^«E*«EP»lSn4. ¥4* 

- f 2 o o x^htcm^mifi-^mmK (R) ^isn 

5C£(C£->T£D;fcfi^&ia (R) ©W»tt:»£l/fc 

(AMP) CcA^SnS. tt*»> 
ifeCa|©^lfC»*«^©Mi«E« lOkVt*^ 

nm"C$>-2>,, 

[002 5] ^*-F2 0 0(t (7) nlOiStt 
SW«lmmfl©i/'j3>H2 10i 1 (-O *>»J 
=>>««2 1 0©— #©«fflCC^Jdc<**ifcn32©3*Sl5fe 

S) 250i, 3 >SS2 1 0©ffe^©^M 

KJgJjRStlfcpfflOaiWtttWrST^- FB2 2 0 
t. (x) ->'J3>SS2 1 0©ffcfr©?iB©T^- F 
M2 2 0 *<*«K?l5JiSSfttenffi©at«tt 
^WrST-ryU— > 3 >g2 3 0i, (*)T^-F 
B2 2 0©aiKM3nfcpS©IItt^tSif!§ 
t£RK*M P MiWgfiH iffcf 3 ) 240i, 

(*7 ) T W V > a >H 2 3 0 ©Sffii P SSftWKA 
2 4 0 ©WStfiE*£trtH«4 KMShfci' U n>K 
{tH2 6 0i. <*) n§£»?^aJ12 5 0 ©&ffl«CJfc|jB 
SnfclS2 7 1i, (^) P^]«?gaJ12 4 0©«® 

tcffMsnfcmffi2 7 2 i, *^«^$ns. 

[0 0 2 6 ] l&mWX-tZ, is <) 3>Stg2 1 0 Jt 
JgtnO. 0 1 Q c m i %5gg© niT«4MT 5 
20 0Mmi¥©^U3>*>e>^3tl, 7/-FI2 2 
0 (*. OMWfi 1 0 0 Q c mfgiift 4 p 

* >; 3 > * ^ tr * * + -c 4 0, m m mz. m 

[00 27] $fc, 7-/Vl/-i/a>ftiB230it 
ni->'j3 >S« 2 1 0 ©— 2f©SlB«: p MH^^fiS 
pSI (teJRWJctt^ya^aKR©-**^-?) 
©§T^©ffl^K:nM^^ ; 5rffi:l5tL.r^?tl > png 

[0028] J/c, pMiS?ggJ12 4 0!*5 x l 0 19 c 

m-'o^m^im&%m-ri>o. 1 ummomx&z. c 
©»s©aa*"c#t^wflfias^ s^©m^MWM 



